OBJECTIVE: To determine which dietary and lifestyle choices and which attitudes toward diet and health most contribute to adiposity and whether those factors differ by gender. METHODS: Multiple regression was used to estimate the effect of energy intake, energy expenditure, resources, demographics, and attitudes toward diet and health on self-reported body mass index (BMI) in a nationally representative sample of the US population. SAMPLE: This study used secondary data from the 1994 -1996 Continuing Survey of Food Intakes by Individuals (CSFII) and its telephone follow-up, the Diet and Health Knowledge Survey (DHKS). CSFII is a nationally representative survey of individuals which obtained 24 h recalls of all food intake on two nonconsecutive days. The DHKS data set obtained information on knowledge and attitudes toward dietary guidance and health from individuals 20 y of age and over, who participated in the CSFII. Our sample consisted of responses from 5512 individuals. RESULTS: We found that many of the variables previously found to or hypothesized to influence body weight do so. Our analysis shows that choices and attitudes do matter for adiposity. Moreover, the analysis shows that the choices males and females make often have quite different effects on BMI. For females all the variables we constructed to represent energy intake, energy expenditure, and financial and human resources are significant. Most of the variables that characterize attitudes toward diet and health are significant. For males, far fewer variables are significant. Our tests for gender-related differences show that whether or not males believe their weight is predetermined has no influence on BMI. In contrast, women who do not believe that their weight is predetermined have lower BMI values than those who believe weight is genetically determined. DISCUSSION: While our qualitative conclusion -choices and attitudes affect BMI -is unsurprising, the quantitative aspects are important. The analysis shows that factors affecting BMI differ systematically by gender. Understanding these systematic differences is critical to the design of information campaigns. Our analysis suggests that entirely different campaigns are necessary to communicate the importance of diet and lifestyle choices to men and to women.
Introduction
This paper examines the extent to which individual dietary and lifestyle choices and attitudes toward diet and health influence adiposity. Our focus is on showing which types of variables most influence adiposity. We contrast variables' effectiveness at influencing fatness by gender.
Research has shown that, on average, men and women make different dietary and lifestyle choices and that the health outcomes (including adiposity) differ. Nayga reported that males are less likely to perceive nutrition as important when food shopping than females. 1 Further, males are less likely to use nutrition labels. 2 Binkley et al examined the importance of dietary and lifestyle choices on fatness, and carried out separate analyses for men and for women. 3 Binkley et al demonstrated the importance of restaurant and fast food meals for adiposity. Our statistical analysis is an extension of their work. Our analysis shares some of the same data Binkley et al used, includes some similar variables (eg the dietary importance of food prepared away from home), and separately considers males and females. However, our focus differs. For Binkley et al, gender was a confounding factor and had to be controlled. Here, our goal is to investigate gender differences, showing which variables demonstrate similar adiposity effects for men and women and which are different. Our analysis differs from Binkley et al in three important regards. First, we construct a statistical test for gender differences so we can examine which variables have similar=dissimilar effects on adiposity. Second, we account for design effects in the survey data used, thereby minimizing errors in deciding which explanatory variables are significant. Third, we combine data on dietary choices with data on health knowledge and attitudes to extend the available set of explanatory variables.
The problem we address is important for public sector decision making. In the United States, the Federal government is actively working to improve nutritional health through information campaigns. 4 How the government should design such programs or choose among them to allocate expenditure efficiently is still an open question. Public sector information campaigns and other programs intended to reduce obesity can be effective only if they are appropriately targeted. To that end, program designers must understand which choices that consumers make most influence health outcomes and how influence varies among consumers.
Data and statistical methods
The data analyzed in this study come from the 1994 -1996 Continuing Survey of Food Intakes by Individuals (CSFII) and its follow-up, the Diet and Health Knowledge Survey (DHKS). The Agricultural Research Service of the US Department of Agriculture conducted these two surveys. Each year of CSFII data comprises a nationally representative sample of noninstitutionalized persons residing in the US. In the CSFII survey, two nonconsecutive days of dietary data for individuals were collected through in-person interviews using 24 h recalls. Those who completed the day-1 dietary recall and aged 20 and over were contacted by telephone for information on their knowledge and attitudes toward dietary guidance and health -the DHKS survey. The respondents who completed DHKS as well as 2-day dietary recall in 1994 -1996 are analyzed in this study.
We used CSFII and DHKS to construct variables that serve as indicators of dietary and lifestyle choices and as indicators of attitudes toward diet and health. We used linear regression analysis, regressing self-reported body mass index (BMI) on these variables, as well as on demographic variables and variables measuring human and financial capital. Regression equations show which variables are important contributors to explaining individual variation in BMI and which are not.
Binkley et al used data from CSFII (but not DHKS) to measure the impact of food purchased from fast food establishments and restaurants on BMI. Using a Chow test, they concluded that data from male and female respondents could not be pooled for their BMI regressions. We followed their lead and ran separate models for males and for females. However, while Chow test results were sufficient for Binkley et al to reject data pooling, their test results must be interpreted as saying that at least one explanatory variable's coefficient differed by gender. The results do not indicate which coefficients differed, how big the differences were, or in which direction the differences occurred. In effect, their results do not address the issues in which we are interested. To complete the picture of gender-related differences in BMI, we also estimated a pooled model with important variables distinguished by gender. The three regressions allowed us to examine where gender differences appear and formally test for gender differences in variables.
The CSFII=DHKS sample was a stratified, multistage area probability sample. We used the SUDAAN program, which takes the sample design into account for variance estimation, in this case accounting for stratification by geographic location, degree of urbanization, and socioeconomic characteristics. We used sampling weights that compensate for variable probabilities of selection, differential response rates, and possible deficiencies in the sampling frame. 5 Failure to account for sample design tends to yield underestimated standard errors of parameters, and hence increases the risk of rejecting true null hypotheses.
Variables
The dependent variable is BMI (in kg=m 2 ), calculated from self-reported height and weight. We used five classes of variables to explain the variation in BMI: choices that affect energy intake; choices that affect energy expenditure; attitudes toward diet and health; human and financial capital; and demographics. Table 1 describes the variables.
Choices that affect energy intake
We included five variables that indicate whether respondents' diets are especially high or low in fat or the nutritional quality of diets. These variables include measurements of the share of energy from food prepared away from home, whether the respondent regularly eats breakfast, indicators for the use of low-fat products, and whether the respondent is a vegetarian.
The share of energy from food prepared away from home reflects that home foods are lower in fat and contain less energy than away-from-home foods. 6 The regular breakfast variable was included because, in the US, regular breakfast consumption enhances overall diet quality 7 and there is a trend away from breakfast consumption. 8 Choices that affect energy expenditure We included four variables that indicate energy expenditure. These include the degree of physical activity in which respondents are routinely engaged, either through a job or leisure-time exercise. Time spent watching television measures the degree to which the respondent's lifestyle is Choices and attitudes influence adiposity F Kuchler and B-H Lin sedentary. We also include smoking behavior, as that directly influences weight. We selected as active those reporting their jobs as farmer, craftsman or foreman, operative and service worker. From those not working, we included in the group having an active job those individuals who said they were unable to work because of inclement weather. We classified as sedentary those respondents who reported jobs as professional and technical; manager, officer or proprietor; clerical or sales worker; and all occupations for which a level of activity was uncertain, including keeping house.
Attitudes toward diet and health From DHKS, we constructed variables indicating the importance of satisfying respondents' different and, for some, contradictory desires. That is, consumers may want to be able to eat large quantities of flavorful (probably high-fat) foods and they may want to be slim. Clearly, the relative importance consumers attach to these desires influences their choices and thereby influences adiposity. Thus, we included variables that categorize respondents' interest in foods' taste and in maintaining a healthy weight. We included a variable that distinguishes vitamin users from nonusers, hypothesizing that vitamin use is a marker for diets that are lower in fat and higher in fiber. 9, 10 Respondents were asked if they agree or disagree with the statement that some people are born to be fat. We labeled this statement 'the gene theory', indicating that body mass is not the result of conscious choices but is predetermined. For the pooled regression, we interacted the responses with gender. 
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Human and financial capital
The resources an individual has constrain all consumption choices. Thus, we included variables to reflect financial and human capital. We included variables indicating higher education and food stamp authorization to make sure that we captured the influence of especially high and especially low ends of the income distribution.
Demographics
Demographic variables may indicate different abilities to manage net energy intake (age and sex). Variables like race and ethnicity, or location (rural=urban and region) may suggest different social costs of obesity or of being overweight.
We distinguished non-Hispanic whites, non-Hispanic blacks, Hispanics, and a catch-all category for Asians, Pacific Islanders, American Indians, Alaskan Natives, and those classified as other. In the pooled model, we interacted the race=ethnicity and gender variables. Contrasts from the pooled regression model did allow us to formally test for differences in BMI by race and gender.
Results
Respondents with missing data on any of the variables in the model were excluded. In total, 5274 respondents were included in the analysis, of whom 2597 respondents are ***P < 0.01; **P < 0.05; *P < 0.10.
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female. We estimated separate models for females and males and a pooled model. Table 2 shows results from the three regressions. The table notes significance levels for each parameter estimate at 1, 5 and 10% levels.
Separate regressions for females and for males
Adjusted r 2 values show that the regression for females explains more of the variation in BMI than does the regression for males. The difference in goodness of fit comes from the 12 variables included in classes denoted as choices that affect energy intake, choices that affect energy expenditure, and human and financial capital. For females, all 12 variables are significantly different from zero; six are significant at levels below 1% and three are significant at levels of 1 -5%. For males, six variables are significant at the 1% level. For males, variables for food away from home, occasional use of skim milk, active job, exercise, income per capita, and food stamp authorization are uncorrelated with BMI.
Among the human and financial capital variables, income per household member and education are negatively associated with BMI and being authorized for food stamps is positively associated with BMI for females. For males, only education is a significant explanatory variable. These results for females are consistent with the inverted U-shaped relationship between income and weight hypothesized by Philipson and Posner. 11 Coefficient estimates suggest that, at the low end of the income distribution, additional income primarily supports additional food consumption and raises BMI, other things being equal. At the upper end, additional income primarily helps satisfy the demand for thinness. That the coefficient for income per capita is negative likely reflects the fact that, in the US, most females fall in the portion of the income distribution where food needs are met.
Two variables display unexpected results. For both females and males, the exclusive use of skim milk is associated with higher BMI values. This suggests that many consumers are purchasing skim milk for use in a weight control program; consumers who always buy skim milk are relatively heavier. The variable distinguishing those with active jobs is associated with higher BMI values for females. This indicates that, for females, there may be some weight-related sorting by occupations occurring. 12 One explanation is that our definition of active jobs may be those that typically demand greater muscle mass. In this case, a large BMI may be capturing productivity traits valued by employers and may not be representing adiposity. Alternatively, the social cost of being overweight may be less in jobs that are typically active, thereby creating an incentive for relatively heavier women to choose active jobs.
It is in the classes of variables including attitudes toward diet and health and demographics that we found variables that are significant for males but not for females. The importance of taste was significant for males and insignificant for females, suggesting that females are more likely to be willing to compromise on taste to achieve weight-related benefits. Regional differences in BMI are found for males only.
That said, the overall pattern of greater explanatory power for females is maintained among the attitude variables -the gene theory, the importance of maintaining a healthy weight, and vitamin use -are significant for females but not for males. The estimated coefficient for the gene theory variable shows that women who disagree with the idea that some people are born to be fat have lower BMI values that those who agree. That is, women who believe their weight is predetermined are typically heavier than those who believe they can successfully manage weight. Unlike females, males who disagree with the gene theory do not appear to be any lighter than those who agree.
Among the demographic variables for females, the race=ethnicity variables suggest that compared to the base of Asian, Indian, and others, women who are non-Hispanic black, non-Hispanic white, or Hispanic are heavier. The age variables yield a maximum BMI value at 53.7 y for females and 53.6 y for males.
Contrasts from the pooled model We used Wald chi-square statistics to indicate where coefficients are significantly different along race=ethnicity lines and between males and females. Results indicate that BMI values for non-Hispanic black women are larger than values from their non-Hispanic white (P ¼ 0.0000) or Hispanic (P ¼ 0.0383) counterparts. BMI values from non-Hispanic black women are larger than those from non-Hispanic black men (P ¼ 0.0044). For Hispanics and for non-Hispanic whites, there is no evidence to reject the hypothesis of BMI equality across gender.
Discussion
DHKS is a rich and unique source of information about individual attitudes toward diet and health and CSFII provides detailed information about food consumption and nutrient intake, making them excellent data sources for examining factors associated with adiposity. The major drawback of these surveys is that they offer only self-reported weight and self-reported height, which are known to contain systematic errors.
The evidence we have on the size of the bias is that it is likely to be small, at least for our purposes. Rowland used the second National Health and Nutrition Examination (NHANES) of 1976 -1980 to study the extent of reporting error. 13 NHANES contains both height and weight measured by technicians and self-reported height and weight. Cawley, 14 using the third NHANES of 1988 -1994, calculated reporting errors that were substantially similar to those of Rowland. Cawley found that on average, women aged 17 -40 under-report BMI by 1.5%; men over-report by 0.02%. At the median, women under-report by 0.92% and men underreport by 0.26%. No differences in reporting errors between Choices and attitudes influence adiposity F Kuchler and B-H Lin black and white respondents were found. The largest (absolute value) reporting errors occurred for women measured as obese and for men measured in the unhealthy range. While NHANES data contain accurate measures of height and weight, they lack the DHKS variables and some of the dietary and lifestyle variables that we found to be important to BMI.
Our analysis shows that choices do matter for adiposity. The analysis shows that the choices males and females make often have quite different effects on BMI. While this qualitative conclusion is unsurprising, the quantitative aspects are important. The analysis shows there are systematic gender differences in the factors influencing BMI. Understanding these systematic differences is critical to the design of information campaigns.
Some information campaigns may fail to improve health because they fail to induce different choices, but even when choices do respond to information, positive health effects may be minimal if campaigns are targeted at the wrong choices. For example, one can imagine development of a campaign designed to inform consumers about the fat content of food prepared away from home. Suppose such a campaign were successful in informing all consumers and led to a population-wide change in the mix of food prepared at home and away from home. Given the estimates presented here, we could expect that the health of half the population might be unaffected. An entirely different campaign, targeting a different choice might be required to communicate and produce desirable health outcomes for the other half of the population.
